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amadan@Abstract Background: The vestibular evoked myogenic potential recorded from cervical muscles
(cVEMP), proved to be a useful tool in assessment of the availability of the saccular function.
Recently, the emergence of VEMP recording from the extra-ocular muscles (oVEMP) promises
to test both saccular and utricular function when they are evoked by air conduction and bone con-
duction stimuli, respectively.
Objectives: The current work was designed to assess the feasibility of recording oVEMP versus
cVEMP in Meniere’s patients; moreover, to relate such recordings to the stage of the disease.
Methods: Twenty-eight middle-aged subjects of both genders with unilateral deﬁnite Meniere’s dis-
ease were involved as a study group. A control group of 20 normal middle-aged subjects was exam-
ined too. The oVEMP via air conduction and bone conduction stimulation and cVEMP via air
conduction were recorded for both groups.
Results: All types of VEMP recording were highly reproducible among control subjects. However,
they were mostly impaired or even absent in subjects with Meniere’s disease. The latency difference
whether between control group and the whole study group ears or between control group ears and
affected ears in each stage separately, revealed statistically signiﬁcant difference of little clinicalEar, Nose, Throat and Allied
evier B.V. All rights reserved.
yptian Society of Ear, Nose,
lsevier
Zagazig, Sharkia, Egypt. Tel.:
.
yahoo.com
40 M.R. Hassaanimportance. The picture was different in amplitude measurement, which revealed signiﬁcant differ-
ence between control and study group of both statistical and clinical values. Both of cVEMP and
oVEMP recorded via air conduction stimulation has paralleled each other during the course of the
pathology while affection of oVEMP recorded via bone conduction stimulation showed in the sec-
ond stage of the disease.
Conclusion: oVEMP via air conduction and bone conduction stimulation was highly reproducible
among normal population. oVEMP and cVEMP were affected in patients of Meniere’s disease and
revealed more impairment when progressing into advancing stages.
ª 2011 Egyptian Society of Ear, Nose, Throat and Allied Sciences.
Production and hosting by Elsevier B.V. All rights reserved.Table 1 Comparison of air-conduction oVEMP indices in
different studies.
n1 p1 P–P amplit.
Chihara et al. (2007) 11 ± 0.8 16 ± 1.3 7.7 ± 7.5
Welgampola et al. (2008) 11.9 ± 0.1 17.8 ± 0.6 6.25 ± 1.03
Chau et al. (2009) 10.9 ± 1 15.8 ± 1.1 9.1 ± 5.5
Hsu et al. (2009) 11.2 ± 0.8 16.3 ± 1 9.1 ± 5.9
Wang et al. (2009) 11.1 ± 0.7 15.9 ± 1 6.5 ± 2.9
P-P amplit.: peak to peak amplitude.1. Introduction
The loud acoustic stimulation of the vestibular apparatus pro-
vokes short latency reﬂexes in the anterior neck muscles. As it
is a vestibular evoked myogenic potential (VEMP) that is re-
corded from the tonically contracted cervical muscles, it gains
its name: cervical vestibular evoked myogenic potential
(cVEMP).1,2 The cVEMP is thought to be assessing the
descending vestibular pathway as an ipsilateral sacculo-collic
reﬂex. This reﬂex is responsible for keeping right stance by
information gained from saccular monitoring of head posi-
tions and movements.3 This inner ear-spinal reﬂex gives no
idea about the utriclar stimulation or the vestibulo-ocular re-
ﬂex (VOR). It has gained a high popularity in a relatively short
time as an adjuvant test to the vestibular workup battery.4
Recent investigations have revealed that the VEMP could
also be recorded from the extra-ocular muscles. Such response
has been termed as ocular VEMP (oVEMP).2 This potential
proved to be of vestibular origin. It is not elicited from individ-
uals with vestibular dysfunction in spite of having normal
hearing, facial and trigeminal functions.5,6 Unlike the cVEMP,
the oVEMP has been validated to evaluate the ascending ves-
tibular pathway as a crossed vestibulo-ocular reﬂex.7 The mod-
ulation of extra-ocular muscles activity evidenced to be the
origin of this potential.2 Chihara et al. (2007) suggested that
the saccular receptors together with the inferior vestibular
nerve might have the major role in generating the oVEMP
using air-conducted stimuli.8 When eliciting oVEMP using
bone-conducted stimuli, it seemed to be mediated by the utric-
ular receptors and those of the hook area of the saccule via the
superior vestibular nerve.9 The two stimulation modes of
oVEMP are thought to be acting on different sensory parts
of the vestibular system and accordingly to be providing cues
for site of otolith affection.
The oVEMP revealed biphasic response composed of nega-
tive–positive wave n1–p1 starting around 10 ms.2 Many
researchers have investigated the oVEMP in normal popula-
tion and revealed a comparable latency and amplitude mea-
sures (Table 1).8,3,10,11
Meniere’s disease is clinically characterized by recurrent
attacks of vertigo, ﬂuctuating and/or permanent hearing loss,
tinnitus and sensation of aural fullness, which sometimes –
but not always – occur together.12 Histopathologically, the
most notable feature is the dilatation of the membranous
labyrinth accompanied by an increase in the volume of endo-
lymph relative to perilymph, a condition termed endolym-
phatic hydrops.13 These changes initially involve the cochlear
duct and the saccule, linking the vestibular manifestations with
the hearing loss.14 Hence, it is expected to detect an abnormalcVEMP response at the early stages of the disease. However,
with the progression of the pathology, the entire endolym-
phatic space is involved with subsequent affection of various
end-organs including the utricle.15 The recording of the newly
emerged oVEMP especially in response to bone conducted
stimuli could be of value, at least theoretically in assessment
of utricular function in these cases.
The current study was designed aiming to assess the nature
of oVEMP versus that of cVEMP in Meniere’s patients as well
as to correlate the ﬁndings, if any, with the stage of Meniere’s
disease.
2. Methods
The current study enrolled two groups:
(1) Study group: It comprised 28 patients who were diag-
nosed to have deﬁnite unilateral Meniere’s disease. The
American Academy of Otolaryngology and Head and
Neck Surgery’s criteria (AAO-HNS, 1995) were the
guide of such diagnosis.12 These criteria assumed that
subjects with deﬁnite Meniere’s disease have to have
two or more deﬁnite vertigo attacks lasting for 20 min
or longer, documented hearing loss in at least one occa-
sion, tinnitus and/or aural fullness with exclusion of
other causes.12 They were 11 males (39.3%) and 17
females (60.7%) with a total mean age of 32 ± 6.3 years
and an age range between 24 and 49 years. Patients with
eye-motility disorders, conductive hearing loss or central
vestibular lesions were excluded from the group.
(2) Control group: It included 20 healthy volunteers from
the employees of Zagazig university hospital with a
mean age of 32 ± 5.9 years with an age range between
25 and 47 years. They were 8 males (40%) and 12
females (60%) with no history of hearing loss, vestibular
disorders or extra-ocular muscles abnormalities.
Figure 1 Bone vibrator Vibar-Suvag B74 R50.
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ensure normal hearing sensitivity in the control group and to
stage individuals with Meniere’s disease. Two channel audiom-
eter Madsen model, Orbiter 922 and amplaid 724 tympanom-
eter were used. Candidates for study group were staged
according to the criteria of AAO-HNS (1995).12 According
to these criteria, staging is based on the average of 0.5, 1, 2
and 3 kHz pure tone thresholds as followed:
Stage I: pure tone average was less than 26 dB nHL.
Stage II: pure tone average was between 26 and
40 dB nHL.
Stage III: pure tone average was between 40 and
70 dB nHL.
Stage IV: pure tone average was above 70 dB nHL.
According to a preceding pilot study, this stage was
excluded from the study group because of two reasons: it
was hard to encounter them with unilateral disorder and
if, mostly they revealed absent VEMPs in both ears.
For both groups and with the help of an auditory evoked
potential system, intelligent hearing model Smart EP, version
2.39, both ocular and cervical VEMPs were recorded individ-
ually in a random order.2.1. Individual oVEMP recording
Subjects were instructed to lay supine and keep gazing at a
ﬁxed mark in the ceiling. Their heads were reaching a ﬁxed
point on the bed. Maximum upward gaze is important to catch
up an eminent oVEMP. The targeted ceiling mark was
mounted at +20 to +30 from the neutral gaze point accord-
ing to Govender et al. (2009).18 The positive electrode was
placed just inferior to the center of the lower eyelid. The neg-
ative electrode was positioned on the cheek at a point 1–2 cm
below the positive one19 while the ground electrode was placed
just above the middle of the eyebrow. The impedance was kept
below 3 kX via a TDH-39 earphone, 500 Hz tone burst stimu-
lus was delivered to the tested ear (the contralateral ear to the
measured eye) at an intensity of 105 dB nHL. One millisecond
rise/fall time was used with a plateau time of 3 ms. The analysis
time for each response was 50 ms while 30 sweeps were aver-
aged for each run. EMG signals were ampliﬁed at 50 kHz
and band-pass ﬁltered between 0.8 and 1000 Hz. The stimula-
tion rate was set to 1 s1 according to a preliminary pilot
study. Some researchers used 3 and 5 s1 rates for bone con-
duction and air conduction oVEMP, respectively.9,11,18,19 In
the pilot study, these rates and even lower ones like 2 and
1 s1 were tried. Down to 2 s1 the potential was fatigable
and diminished after 10–20 sweeps with marked distortion of
waves. With 1 s1 rate, the potential grew during the 30
sweeps.
Utilizing the same technique and via a B74 Vibar-Suvag
bone vibrator BC-oVEMP was recorded (Fig. 1). The vibrator
was mounted by an adhesive material to the headband of the
regular B71 bone vibrator. In tracing of BC-oVEMP, the
placement of bone vibrator on the frontal bone would provoke
potential in both ears simultaneously. In the current study,
recording was done for each ear separately because the place-
ment of the ground electrode was above the middle of the eye-
brow of the targeted eye. The stimuli were delivered atintensity of 105 dB nHL to the frontal skull bone. The inten-
sity was calibrated biologically as follows.
2.1.1. Calibration of bone vibrator
The maximum intensity of bone conducted tone burst stimuli
was 70 dB nHL in the used evoked potential equipment. In or-
der to overcome this problem, the output of the equipment was
delivered to an external ampliﬁer. The bone vibrator was con-
nected to this ampliﬁer in order to deliver intensities higher
than that of the equipment. Biological method was used to cal-
ibrate the output of the vibrator. Twenty healthy middle-aged
physicians including ﬁve audiologists were involved in calibrat-
ing vibrator output using loudness equalization method. They
chose the intensity level of 500 Hz tone burst delivered by the
bone vibrator that matched the loudness of 500 Hz tone burst
delivered by the earphones at 105 dB nHL. The external
ampliﬁer was set at an intensity point at which the evoked
potential’s dial reading of 40 dB nHL was evidently softer than
105 dB nHL loudness and the reading of 60 dB nHL was
evidently louder than 105 dB nHL loudness. The dial of the
evoked potential was manipulated in 2-dB steps until the
volunteering subject found the loudness matched that of
105 dB nHL intensity. Average of these readings was calcu-
lated and found to be 50.4 dB nHL and accordingly
50 dB nHL level was chosen to be delivered to the external
ampliﬁer.
The initial negative–positive biphasic waveform comprised
n1 and p1 peaks on the contralateral side of stimulation for
AC-oVEMP. They were traced in two consecutive runs to as-
sure repeatability (Fig. 2). Absence of the biphasic response
was deﬁned as an absence of VEMP. The latencies of n1 and
p1 peaks, and n1–p1 peak-to-peak amplitude were measured.
2.2. Individual cVEMP recording
The sternocleidomastoid muscle was selected as a target for
recording the cervical VEMPs where the positive electrode
was placed on its upper half. The negative electrode was lo-
cated on the sternoclavicular junction while the ground elec-
trode was located on the forehead. The patient was placed in
the sitting position with the head rotated away from the side
Figure 2 The above two traces: left ear measured air-conduction oVEMP of a subject from the control group. The lower two traces: left
ear measured bone-conduction oVEMP of the same patient (recording from right eye).
Figure 3 Bone conduction oVEMP of a subject from stage I of
the study group with affected left ear: the above two traces were
recorded from right eye and the lower ones were recorded from the
left eye. The oVEMP recorded contralateral to the affected side
was reduced in amplitude in comparison to the other side, however
both ears revealed nearly similar oVEMP latencies.
42 M.R. Hassaanof stimulation. Utilizing similar stimulus parameters, the re-
sponses to air-conducted stimuli were ﬁltered between 30 and
1500 Hz and a total number of 100 sweeps were averaged.
The initial positive–negative biphasic response comprised p13
and n23 was traced on three consecutive runs on the ipsilateral
side of stimulation. The mean peak latencies of p13 and n23
waves and the peak-to-peak amplitude were measured. Ab-
sence of the biphasic response was deﬁned as an absence of
VEMP.
The results of both groups were analyzed with calculation
of latency and amplitude average values as mean ± standard
deviation. VEMP asymmetry between the peak to peak ampli-
tudes was calculated as an interaural amplitude difference
(IAD) ratio. According to young et al. (2003), the ratio was
calculated as (Au  Aa)/(Au + Aa) where Au is the peak-to-
peak amplitude (n1–p1 or p13–n23) on the unaffected side
and Aa is the amplitude on the affected side. In healthy volun-
teers, such ratio was evaluated as (Ar  Al)/(Ar + Al) where
Ar and Al are the peak-to-peak amplitude (n1–p1 or p13–
n23) on the right and left side, respectively.16
Descriptive data were recorded for each VEMP parameter
in the form of mean ± standard deviation with 95% conﬁ-
dence limits for those with high standard deviations. Inter-sub-
ject comparison was performed utilizing one sample Student’s
t-test. The control group results were compared to that of the
study group as a whole and to each stage group separately.
Parameters of cVEMP and oVEMP were correlated with each
other via the Pearson’s correlation analysis. For all tests, sta-
tistical signiﬁcance was set at p< 0.05.
3. Results
In the control group n1 and p1 of oVEMP and p13 and n23 of
cVEMP were successfully recorded from each subject via air
conduction and bone conduction stimulation. On the other
hand, these potentials were recorded from study group except
four subjects. One of them was in stage two of Meniere’s dis-
ease and the others were in stage three. The absence of VEMP
in the affected ear in any case excluded its un-affected ear’s re-
sults from the statistical data to minimize the bias. In stage
three, two cases from those with absent VEMPs in the affected
ear had un-recordable VEMPs in the un-affected ear. None of
the cases that have absent air conduction oVEMPs revealedrecordable oVEMP by bone conduction stimulation. All the
three modes of VEMP recording in the current study acted
on all or none rule. In other words, when any form of VEMP
Figure 4 Air conduction oVEMP of another subject from stage I of the study group with affected right ear: the left two traces were
recorded from left eye and the right ones were recorded from the right eye. Traces contralateral to the affected ear revealed diminished
oVEMP amplitude and nearly similar latencies.
Table 3 Comparison between control, un-affected and affected ears in the three modes of VEMP measurements. The comparison was
performed using paired sample t-test.
VEMP Between-groups comparisons LSD (p value)
Type Parameter Control group versus aﬀected ears Control group versus unaﬀected ears Aﬀected ears
versus unaﬀected
ears
(X) p value (X) p value (X) p value
Ocular (AC) n1 latency (ms) 0.52 0.028 0.23 0.31 0.28 0.022
p1 latency (ms) 0.72 0.028 0.22 0.54 0.51 0.029
n1–p1 amplitude (uv) 2.37 0.000 0.17 0.77 2.20 0.000
Ocular (BC) n1 latency (ms) 1.13 0.000 0.68 0.004 0.45 0.039
p1 latency (ms) 0.50 0.008 0.28 0.34 0.79 0.07
n1–p1 amplitude (uv) 1.86 0.002 0.28 0.64 2.13 0.000
Cervical p13 latency (ms) 0.63 0.03 0.26 0.309 0.37 0.001
n23 latency (ms) 2.45 0.000 0.2 0.63 2.24 0.000
p13–n23 amplitude (uv) 15.98 0.000 1.11 0.63 17.09 0.000
(X): Mean difference.
Table 2 Descriptive statistics (mean and standard deviation) in all VEMP indices and signiﬁcance of one-sample t-test probability in
control and study groups.
VEMP Control group Study group
Parameter Type Un-aﬀected ear Aﬀected ear
Ocular (AC) n1 latency (ms) 10.48 ± 0.89* 10.72 ± 0.66* 11.00 ± 0.65*
p1 latency (ms) 15.51 ± 0.99* 15.73 ± 0.98* 16.24 ± 1.01*
n1–p1 amplitude (uv) 7.73 ± 0.96* 7.56 ± 1.60* 5.37 ± 1.47*
Ocular (BC) n1 latency (ms) 9.73 ± 0.96* 10.41 ± 0.71* 10.86 ± 0.71*
p1 latency (ms) 15.19 ± 0.83* 14.91 ± 0.97* 15.70 ± 0.99*
n1–p1 amplitude (uv) 7.70 ± 2.44* 7.98 ± 0.63* 5.85 ± 0.66*
Cervical p13 latency (ms) 13.17 ± 0.90* 13.43 ± 1.06* 13.80 ± 0.91*
n23 latency (ms) 22.53 ± 1.15* 22.73 ± 1.49* 24.97 ± 1.43*
p13–n23 amplitude (uv) 69.03 ± 9.64* 70.13 ± 6.76* 53.04 ± 0.07*
* Very high signiﬁcance of t between subjects of the same group (0.001 or lower).
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Table 4 Descriptive statistics (mean, standard deviations and conﬁdence limits) of IAD ratio of control and study groups, inter-
subject variability testing using one-sample t-test and comparison between control and study group ratios in the three modes of VEMP
measurements using paired-sample t-test.
IAD ratio Control group Study group Paired sample t-value prob.
Air oVEMP 0.011 ± 0.146
(one sample t-prob. = 0.845)
(0.0575 to 0.0789)
0.183 ± 0.141*
(0.122–0.244)
3.765 0.001
Bone oVEMP 0.005 ± 0.13
(one sample t-prob. = 0.747)
(0.0057 to 0.055)
0.175 ± 0.083*
(0.139–0.212)
5.391 0.000
cVEMP 0.0077 ± 0.134
(one sample t-prob. = 0.799)
(0.055 to 0.0705)
0.136 ± 0.058*
(0.111–0.162)
3.925 0.001
prob.: probability.
* The probability of one sample t-value is 0.000 (very highly signiﬁcant).
Table 5 Descriptive statistics (mean and standard deviation) of VEMP indices in different stages of Meniere’s disease.
VEMP Meniere’s disease stages
Parameter Type Stage I Stage II Stage III
Ocular (AC) n1 latency (ms) 10.85 (0.49) 11.28 (0.55) 11.8 (0.45)
p1 latency (ms) 15.97 (0.65) 16.15 (0.78) 16.9 (0.89)
n1–p1 amplitude (uv) 6.44 (0.72) 5.18 (0.77) 4.7 (0.84)
IAD ratio 0.08 (0.064) 0.19 (0.09) 0.23 (1.3)
Ocular (BC) n1 latency (ms) 9.98 (0.34) 10.97 (0.32) 11.24 (0.65)
p1 latency (ms) 15.17 (0.49) 15.54 (0.55) 16.74 (0.63)
n1–p1 amplitude (uv) 7.53 (0.74) 5.7 (0.9) 3.73 (1.1)
IAD ratio 0.03 (0.07) 0.17 (0.1) 0.36 (0.19)
Cervical p13 latency (ms) 13.5 (0.9) 13.78 (1) 14.35 (1.1)
n23 latency (ms) 21.75 (1.4) 23.43 (1.1) 23.58 (0.8)
p13–n23 amplitude (uv) 61.67 (8.5) 50.92 (9.4) 47 (5)
IAD ratio 0.06 (0.036) 0.16 (0.048) 0.2 (0.057)
Table 6 Comparison between control group and different stages of the study group in the three modes of VEMP measurements. The
comparison was performed using paired sample t-test.
VEMP Between-groups comparisons LSD (p value)
Type Parameter Control group versus stage I Control group versus stage II Control group versus stage III
(X) p value (X) p value (X) p value
Ocular (AC) n1 latency (ms) 0.37 0.036 0.8 0.019 1.32 0.003
p1 latency (ms) 0.46 0.045 0.64 0.033 1.39 0.013
n1–p1 amplitude (uv) 1.29 0.03 2.55 0.017 3.03 0.001
IAD ratio 0.069 0.032 0.18 0.000 0.22 0.000
Ocular (BC) n1 latency (ms) 0.34 0.064 1.27 0.003 1.51 0.000
p1 latency (ms) 0.02 0.907 0.35 0.037 1.55 0.000
n1–p1 amplitude (uv) 0.17 0.845 2 0.004 3.97 0.001
IAD ratio 0.075 0.64 0.17 0.001 0.36 0.001
Cervical p13 latency (ms) 0.33 0.034 0.61 0.013 1.18 0.000
n23 latency (ms) 0.78 0.013 0.9 0.000 1.05 0.000
p13–n23 amplitude (uv) 7.36 0.032 18.11 0.000 22.03 0.000
IAD ratio 0.052 0.042 0.15 0.001 0.19 0.000
(X): Mean difference.
44 M.R. Hassaanstimulation was absent, the others were. The oVEMP poten-
tials in Meniere’s disease subjects revealed obvious laterality.The response was reduced when measured from the contralat-
eral eye to the affected side (Figs. 3 and 4).
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Ocular versus cervical vestibular evoked myogenic potentials in different stages of Meniere’s disease 45The mean values were calculated for oVEMP and cVEMP
indices for both control and study groups (Table 2). Inter-
subject variability of VEMP indices (Table 2) using one-sam-
ple t-test revealed very high statistically signiﬁcant difference
between subjects in all absolute indices. When studying this
issue in IAD ratio (Table 4), it revealed very highly statisti-
cally signiﬁcant difference between subjects of the study
group only. The IAD ratio of the control group revealed
non-statistically signiﬁcant difference between subjects.
The latencies mean of the control group was shorter than
those of un-affected and affected ears of Meniere’s patients.
In all of AC-oVEMP, BC-oVEMP and cVEMP latency
recording, there was signiﬁcant difference between control
ears and affected ears and between un-affected ears and af-
fected ears. Statistically non-signiﬁcant difference was found
between control and un-affected ears except in n1 latency
BC recording that revealed statistically signiﬁcant difference
(Table 3).
In amplitude measurements, the same statistical pattern of
latency comparison was conserved in AC-oVEMP, BC-
oVEMP and cVEMP. There was statistically non-signiﬁcant
difference between amplitude means of the control group
and those of un-affected ears. Both of them, differed signiﬁ-
cantly from the amplitude values of affected ears (Table 3).
The IAD ratio of the control group and study group revealed
statistically signiﬁcant difference between them in the three
conditions of VEMP recording (Table 4).
Latency values of the control group were shorter than
latencies of all stages of the study group except latency of
n23 of cVEMP of the control group (Tables 2 and 5). In
AC-VEMP recording (ocular and cervical); latencies,
amplitudes and IAD ratios of all stages of the study group
differed signiﬁcantly from those of the control group. How-
ever in BC-oVEMP, there was statistically non-signiﬁcant dif-
ference between all latencies, n1–p1 amplitude and IAD ratio
of the control group and that of stage I subjects (Table 6).
When comparing these parameters of control group to the
other two stages there was statistically signiﬁcant difference.
The AC-oVEMP latency and amplitude measures positively
correlated cVEMP measures (Table 7).4. Discussion
The oVEMP was successfully recorded from all control group
subjects emphasizing that this potential is a reliable addition
to the vestibular testing battery. This is partly that the control
group subjects were middle-aged individuals. This did not dif-
fer so much from other studies in oVEMP such as Chihara
et al. (2007) and Wang et al. (2008) who reported 95% and
90% occurrence rate of oVEMP in healthy middle aged sub-
jects, respectively.8,17 Gender and ear preponderance of the
subjects were studied and rolled out, which agreed with
Chihara et al. (2007) who reported no gender preference
too. Worth mentioning in the current study, only a slight ten-
dency of amplitude of oVEMP being larger in females was
found without any statistically signiﬁcant difference. The soft-
er infra-orbital superﬁcial structures in females might be the
cause making the potential of inferior oblique muscle more
catchable. In the study group, incidence of females was higher
considering that this group was collected randomly in a cer-
tain time domain. Also in affected ears, the incidence of being
46 M.R. Hassaanthe left ear was the higher. This ear advantage in Meniere’s dis-
ease was coincident with Havia and Kentala (2004) who re-
ported that the affected ear was left sided in 46%, right
sided in 35% and bilateral in the rest of cases.20 The n1 and
p1 latencies of the control group of the current study
(10.48 ± 0.89 and 15.51 ± 0.99, respectively) were slightly
shorter that those reported by Chihara et al. (2007),
Welgampola et al. (2008), Chau et al. (2009), Hsu et al.
(2009) and Wang et al. (2008) with fairly similar amplitudes
(7.73 ± 0.96).8,3,19,10,11
In spite of the comparable mean values among several
researchers, the absolute latency and amplitude values of
VEMP potentials revealed high variability inbetween subjects
whether they were normal or affected with Meniere’s disease.
Extrinsic and intrinsic factors might lie behind this variability.
This emphasized the role of relative measure, IAD ratios, in
reduction of such variability.7 The marked intersubject vari-
ability of absolute amplitude values diminished by using this
relative amplitude measurement, IAD ratio. The IAD ratio
of control group subjects differed signiﬁcantly from that of
Meniere’s patients. This agreed with Iwasaki et al. (2008)
who reported that IAD ratio of amplitude might be a good
reﬂectance of unilateral malfunction than the raw values.9
The signiﬁcant difference between IAD ratios of control and
study groups whether recorded via ocular or cervical modes,
was expected and reasonable because of the laterality of the
pathology in the study group.
The ears with deﬁnite Meniere’s disease revealed statisti-
cally signiﬁcant latency prolongation in respect to that of the
control group. However, these differences seemed to be minute
and of little clinical importance. The amplitude measurements
of the study group differed statistically from that of the control
group. In addition, these differences were evident and of con-
siderable clinical importance.
VEMP indices of the control group were compared to those
of affected ears in each stage individually. The rationale be-
hind is to check out the availability of the two methods of
oVEMP recording in assessment of utricular and saccular
pathways during the course of Meniere’s disease. Subjects of
stage I Meniere’s disease replied an evident VEMPs in spite
of their latency delaying or amplitude reduction. When pro-
gressing through pathology stages, VEMP’s latencies and
amplitudes continued to be affected. Even some cases in late
stages revealed un-recordable VEMP. In AC-oVEMP and
cVEMP of all stages, there was statistically signiﬁcant differ-
ence between latencies and amplitudes of affected ears and that
of the control group ears. This reﬂected the saccular pathway
affection in the early stage of the diseases. However, the la-
tency difference shown, although it is statistically signiﬁcant
yet on clinical measures it seemed to be of limited clinical va-
lue. In the earlier two stages of Meniere’s disease, latencies
were within mean ± SD value of the control group. On the
other hand, amplitudes differences were more obvious and
can be used on clinical basis. The differences between stages
of the study group and control group, on amplitude basis, were
relatively widely spaced especially in case of the later two
stages. No cause rather than the increasing affection of otolith
organs during the course of endolymphatic hydrops would ex-
plain this ﬁnding. The small standard deviations for latencies
or amplitudes within each stage highlighted reasonable staging
criteria.Comparison between n1 and p1 latency, n1–p1 amplitude
and IAD ratios of control group and that of BC-oVEMP of
stage I subjects revealed no difference. This can be explained
by the theory of sparing of utricular pathway in the ﬁrst stage
of the pathology.6 However, there was no case which had un-
recordable AC-oVEMP while had recordable BC-oVEMP
which was preconceively expected to enforce this theory. In
the other two stages, the difference between control group
indices and that of the study group was signiﬁcant denoting
the involvement of the utricle in the later course of Meniere’s
disease. The indices of cVEMP and AC-oVEMP were
correlated with each other and mostly uncorrelated with
BC-oVEMP. This might be due to sharing of cVEMP and
AC-oVEMP with one receptor site which is the saccule and
different receptor site for BC-oVEMP which is the utricle.
Apparently, assessment of oVEMP can give the same infor-
mation as cVEMP when stimulated by air-conducted stimuli.
Furthermore, oVEMP could be recorded in a less time and ef-
fort than cVEMP which agreed with Wang et al. (2008).17
In conclusion, the oVEMP was reproducible as well as
cVEMP but with less time and effort. It was successfully re-
corded from normal middle-aged subjects without deﬁnite
ear or signiﬁcant gender advantage. Subjects with deﬁnite
Meniere’s disease revealed either compromised or absent
VEMPs with stimulation of the affected ears. AC-oVEMP
paralleled cVEMP during the course of the disease while BC-
oVEMP was affected in later stages. While the statistically
signiﬁcant difference between latency measures were of limited
clinical values, the amplitude measurement revealed difference
of both statistical and clinical values.
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